A novel isoform of human Golgi complex-localized glycoprotein-1 (also known as E-selectin ligand-1, MG-160 and cysteine-rich fibroblast growth factor receptor) targets differential subcellular localization
Introduction E-selectin is expressed on most cultured endothelial cells in response to stimulation by inflammatory cytokines and/or bacterial lipopolysaccharide (LPS) (Bevilacqua et al., 1987) . It participates in trafficking of memory T cells in the skin (Picker et al., 1991) and transmigration of hematopoietic progenitor cells (Naiyer et al., 1999) . Along with P-selectin, it also participates in the recruitment of neutrophils and monocytes at sites of inflammation and in hematopoiesis (Springer et al., 1994; Frenette et al., 1996) . Several studies suggest that ligands for Eselectin may have signaling capacity. For example, engagement of E-selectin ligands enhances tyrosine phosphorylation and decreases Src activity in leukocytes (Soltesz et al., 1997) , and human monocyte attachment to E-selectin results in upregulation of tissue factor procoagulant , inflammatory cytokines (Neumann et al., 1997) and the type B scavenger receptor CD36 (Huh et al., 1995) . Although a specific leukocyte glycoprotein ligand for P-selectin, PSGL-1, has been well characterized and shown to participate both in adhesion and signaling (Nagata et al., 1993) , characterization of E-selectin ligands remains less well understood.
A candidate murine E-selectin ligand (ESL-1) identified using a recombinant murine E-selectin/IgG fusion protein as an affinity probe (Steegmaier et al., 1995) was found by nucleic acid sequence analysis to be homologous to avian cysteine-rich FGF receptor (CFR) (Burrus et al., 1992) and to a membrane sialoglycoprotein of the medial cisternae of the rat Golgi complex, MG-160 (Gonatas et al., 1989) . The gene encoding ESL-1/MG-160/CFR is now known as GLG1 (Golgi complexlocalized glycoprotein-1) and has been mapped to human chromosome 16q22-q23 (Mourelatos et al., 1995) (GenBank accession #AC009153.10). The nomenclature GLG for the protein products of this gene will be used for the remainder of this manuscript.
The function of GLG1 in the Golgi is not yet completely characterized. Previous studies (Zuber et al., 1997; Köhl et al., 2000) with bFGF-expressing Chinese Hamster Ovary (CHO) cells showed significant localization of bFGF to the Golgi, suggesting that GLG1 might have a chaperone function, perhaps playing a role in processing and targeting the growth factor in the cell. Similarly, a component of the latent transforming growth factor-β (TGF-β) complex has been shown to be identical to GLG1 (Olofsson et al., 1997) . This complex is proposed to function in matrix association of TGF-β, perhaps by facilitating the proper physical orientation of the growth factor.
The initial step in trafficking of leukocytes through the vascular endothelium is mediated by an adhesive interaction between molecules of the selectin family and their cognate receptors. Previously, a putative murine Eselectin ligand-1 (ESL-1) was identified and found to be identical to Golgi complex-localized glycoprotein-1 (GLG1), also known as MG-160, and to a previously identified basic fibroblast growth factor (bFGF)-binding protein known as cysteine-rich FGF receptor (CFR). We report here a novel variant of the human GLG1 gene product that we call GLG2, cloned from a human monocyte cDNA library. GLG2 encodes a polypeptide identical to GLG1 except with a unique 24-amino-acid extension at the C-terminus of its cytoplasmic domain. Transfection of chimeric constructs into human embryonic kidney epithelial 293 cells revealed that the cytoplasmic domains of GLG1 and GLG2 targeted the expression of each chimeric protein differentially, GLG1 to the cell surface and GLG2 to the Golgi. Genetic analysis suggests that GLG1 and GLG2 are the products of a single gene, the mRNA of which can be processed by alternative splicing to generate two different transcripts encoding either GLG1 or GLG2. Northern blot analysis showed that the relative amounts of the mRNAs for either isoform differ in a celland species-specific manner. These data suggest that alternative splicing of the GLG1 gene transcript might regulate the function of its product.
Because of our interest in the potential role of GLG1 as a monocyte signaling and adhesion receptor, we undertook an experimental approach to characterize the primary structure of human monocyte GLG1, postulating that there might be a unique feature of the monocyte protein that conferred function as an E-selectin receptor. Previous work had shown that, to function as an adhesion and/or signaling receptor for Eselectin, GLG1 protein must be expressed on the external plasma membrane and also undergo specific post-translational modification. Steegmaier et al. showed that GLG1 protein expression and N-glycosylation were necessary to generate a high-affinity binding site between E-selectin and the cells (Steegmaier et al., 1995) . An apparent paradox in this field is that studies of CFR and MG-160 in transfected CHO cells, primary neuronal cells and PC12 cells seemed to suggest that GLG1 was localized primarily in the Golgi complex and not on the cell surface (Gonatas et al., 1989; Zuber et al., 1997) . Recently, however, a variant of CFR-1 has been reported that is expressed on the cell surface of gastric and other carcinoma cells as well as on gastric mucosal cells in gastritis and gastric hyperplasia (Hensel et al., 2001) . The variant, identified by a monoclonal antibody, appears to be related to the pattern of glycosylation of the protein.
In this manuscript, we now report the identification of a second isoform of the GLG gene product (termed GLG2), produced by alternate splicing of the GLG transcript. The variant protein encoded by the GLG2 mRNA contains a unique cytoplasmic domain with a C-terminal extension of 24 amino acids compared with GLG1. Using recombinant chimeric cDNA constructs, the putative cytoplasmic domain of the novel sequence was shown to be sufficient to target chimeric protein to the Golgi, whereas the cytoplasmic domain of GLG1 targeted chimeric protein to the cell-surface membrane. These data help to clarify the intracellular expression patterns of GLG1 and suggest that different functions of the GLG gene products (e.g. E-selectin adhesion/signaling ligand or a chaperon for FGF processing) might be regulated by mRNA splicing.
Materials and Methods
Screening of cDNA and genomic libraries from human peripheral blood monocytes One million phage plaques from a human monocyte cDNA library (Clontech) were screened by hybridization with a 32 P-labeled, randomly primed probe from the full length of chicken CFR cDNA (graciously provided by B. Olwin, Purdue University). Hybridization was performed at 42°C in 6ϫ SSC (1ϫ SSC: 0.15 M NaCl, 0.015 M Na citrate, pH 7.0), 50% formamide, 1% sodium dodecyl sulfate (SDS), 5ϫ Denhardt's solution and 100 µg/ml of denatured salmon sperm DNA. After a final wash in 0.1ϫ SSC, 1% SDS at 42°C, the membranes were exposed to X-ray film at -70°C. A human genomic library from peripheral blood (Novagen) was also screened with a probe derived from the 3′ end of the cloned GLG2 cDNA, which contained the sequences encoding the extra 24 amino acids and 59 bp of its 3′-untranslated region (UTR). The probe was synthesized by PCR using GLG2-specific primers (refer to Fig. 1 : primer 4 and primer 3). Membranes were then washed twice in 6ϫ SCC (42°C for 30 minutes) and once in 1ϫ SCC (42°C for 30 minutes) before the exposure.
Construction of CD8/GLG chimeric plasmids A cDNA for the extracellular domain of CD8 was obtained by SalI/EcoRV digestion of a plasmid pCD8Ext (Lee et al., 1996) . The sequences encoding the transmembrane and cytoplasmic domains of GLG1 and GLG2 were amplified with Pfu DNA polymerase using the primers shown in Fig. 1 . PCR products synthesized with primers 1 (5′-GGGTTAACTACATTCTCTCTGTGATCAGTGGG-AGC-3′) and 2 (5′-GGGGATCCGAGTGGGGATGCTATACAAG-AGGGC-3′), or with primers 1 and 3 (5′-CCCGGATCCACG-TAGAGGCACAAAGGAGCTTGT-3′) contain the sequences for the transmembrane and cytoplasmic domains of GLG1 or GLG2, respectively. The PCR products were digested with HpaI and BamHI, and then ligated into EcoRV and BamHI sites of the truncated CD8 plasmid. The chimeric cDNA inserts encoding the extracellular domain of CD8 linked to either GLG1 or GLG2 transmembrane and cytoplasmic domains were then re-cloned into the eukaryotic expression vector pcDNA3.1.
RT-PCR Total and poly (A)
+ RNA was purified from human peripheral blood monocytes. Primers 2 and 3 from the 3′-UTR of the GLG1 and GLG2 transcripts ( Fig. 1) were used for the first-strand cDNA synthesis, respectively. The reaction mixture from the reverse transcription was used as a template for PCR (1 minute at 95°C, 1 minute at 50°C, and 1 minute at 72°C for 30 cycles). Isoform-specific PCR products were The nucleotide and predicted amino acid sequences of the human monocyte-derived GLG2 are aligned with the published sequence of GLG1 (GenBank accession #NM012201). For convenience, the putative transmembrane and cytoplasmic domains and 3′-UTR of the transcripts for each isoform are shown. The first nucleotide here corresponds to nucleotide #3453 of the registered sequence. The sequences and the direction of the primers used in the present study were also included. The vertical arrow indicates a putative 5′-splicing site. Primers used in the present study were shown by arrows. The amino acid sequence in bold represents the 24-amino-acid extension of GLG2.
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synthesized with primer 1 and primer 2 (GLG1) or primer 1 and 3 (GLG2), expecting 196 bp or 248 bp PCR products, including linker sequences.
Transfection of 293 cells and indirect immunofluorescence microscopy
Human embryonic kidney epithelial 293 cells (5ϫ10 4 cells) were transfected using the Lipofectamine Reagent (Gibco-BRL) with pcDNA 3.1 containing the extracellular and transmembrane domains of CD8 (CD8Ex), the extracellular domain of CD8 linked to the transmembrane and cytoplasmic domains of GLG1 (CD8/GLG1), or the extracellular domain of CD8 linked to the transmembrane and cytoplasmic domains of GLG2 (CD8/GLG2). Clones resistant to G418 treatment were isolated and maintained in Dulbecco's Modified Eagle's Medium containing 10% fetal bovine serum. Transfectants grown on coverslips were fixed in 4% (w/v) paraformaldehyde in phosphate-buffered saline (PBS), permeabilized in 0.1% Triton X-100 in PBS and processed for two-color immunofluorescence microscopy. The coverslips were incubated with rabbit polyclonal antibody against human giantin as a Golgi marker (Berkeley Antibody Company), and then with FITC-conjugated murine monoclonal antibody against CD8 (Pharmingen) and Rhodamine-conjugated goat anti-rabbit IgG (Molecular Probes). Giantin is a membrane-inserted component of cis and medial Golgi structure (Adam and Hauri, 1993) . The polyclonal anti-giantin antibody was raised against the N-terminus of giantin, which is exposed on the lumenal side of the cis and medial Golgi. For some experiments, cells were treated with 2 µg/ml of brefeldin A or with 5 µg/ml of cycloheximide before the immunofluorescence. Images were collected with a Zeiss LSM510 laser-scanning confocal microscope in the optical microscope core facility of Weill Medical College of Cornell University.
Results

Identification of GLG2
Analysis of two positive clones identified by screening a human monocyte cDNA library with a probe from the fulllength chicken CFR cDNA revealed a novel 1.8 kb sequence highly homologous to human GLG1. In fact, the predicted sequences of the transmembrane and extracellular domains were identical (GenBank accession #NM012201; Fig. 1 ). The predicted sequence of the cytoplasmic domain encoded by the novel monocyte cDNA (GLG2) consists of 37 amino acids, the proximal 13 amino acids of which are identical to the entire GLG1 cytoplasmic domain, but the terminal 24 amino acids are a unique extension (Fig. 1, shown in bold) . A cDNA sequence registered on GenBank (Accession #AK025457) contains a highly homologous sequence to GLG1 as well as GLG2-specific sequences.
Subcellular localization of CD8/GLG1 and CD8/GLG2 in stably transfected 293 cells To determine whether the putative cytoplasmic domains of GLG1 and GLG2 direct expression to different cellular compartments, we constructed chimeric cDNAs encoding the extracellular domain of a T-cell-specific molecule, CD8, linked to the putative transmembrane and cytoplasmic domains of either GLG1 or GLG2 (CD8/GLG1 and CD8/GLG2). These chimeric polypeptides were expressed stably in human embryonic kidney epithelial 293 cells and their subcellular localization was analyzed by confocal immunofluorescence microscopy. The chimeric proteins were detected with a FITCconjugated monoclonal antibody against the extracellular domain of CD8. A rabbit anti-giantin antibody was used to show the cisternae of the Golgi structure. As shown in Fig. 2  (panel a) , the control construct containing the extracellular and transmembrane domains of CD8 (CD8Ex) was expressed on the plasma membrane. The green fluorescence did not overlap with the red fluorescence of the Golgi marker. The CD8/GLG1 chimera was also expressed on the plasma membrane (panel b) Fig. 2 . Subcellular localization of CD8/GLG1 and CD8/GLG2 chimeric molecules. Human embryonic kidney epithelial 293 cells were stably transfected with pcDNA3.1 containing DNA sequences for the extracellular and transmembrane domain of CD8 (a), the extracellular domain of CD8 and transmembrane and intracellular domain of GLG1 (CD8/GLG1, b), or the extracellular domain of CD8 and transmembrane and intracellular domain of GLG2 (c-f). Transfected cells were fixed on coverslips, permeabilized with Triton X-100, and analyzed by immunofluorescence with FITC-conjugated monoclonal anti-human CD8. Giantin, a marker for Golgi apparatus, was detected with a rabbit polyclonal serum followed by Rhodamineconjugated goat anti-rabbit immunoglobulin. In panel (d), CD8/GLG2 cells were treated with brefeldin A for 1 hour before fixation. In panel (e), Golgi structures were allowed to recover after brefeldin A treatment by incubation with media for 1 hour after washing out the brefeldin A. CD8/GLG2 cells in panel (f) were incubated with 5 µg/ml of cycloheximide for 4 hours before fixation. Images were collected with a Zeiss LSM510 laser-scanning confocal microscope. Data shown are the projection of scanned images of transfected cells.
in a similar distribution to the control CD8Ex. By contrast, the CD8/GLG2 chimera (panel c) was expressed in a punctate intracellular manner with significant overlap (yellow) with the Golgi marker. Treatment of the cells with brefeldin A (panel d) to disrupt Golgi structure abolished the staining pattern of both giantin and CD8/GLG2. The staining pattern of CD8/GLG1 was not affected by the brefeldin A treatment (not shown). One hour after removal of brefeldin A, the staining patterns of both giantin and CD8/GLG2 recovered and resembled that of untreated cells (panel e). Even though some CD8 + endosome-like vesicles were still observed in (d) and (e), these data strongly suggest that CD8/GLG2 mainly localized on the Golgi structure. Treatment of the cells with cycloheximide to block new protein synthesis (panel f) decreased the amount of staining on the endosome-like vesicles, but increased the degree of overlapping staining of giantin and CD8/GLG2. These data suggest that the sequence of 24 amino acids unique to the cytoplasmic tail of GLG2 confers a localization signal sufficient for targeting to the Golgi.
GLG1 gene encodes two polypeptides GLG1 and GLG2
A single human GLG1 gene has been identified and localized to chromosome 11q22-q23 (Mourelatos et al., 1995) . To determine the molecular basis underlying generation of the two forms of human GLG mRNA, a human genomic phage DNA library was screened with GLG2-specific probes generated by PCR using primers 4 and 3 (Fig. 1) . A 10 kb genomic fragment was isolated and analyzed by Southern Blot using isoform-specific probes. The GLG1-specific probe was the PCR product from primers 5 and 6, corresponding to the 3′-UTR of the GLG1 mRNA. The GLG2-specific probe was the PCR product from primers 4 and 3, containing the 24 extra amino acids and 3′-UTR of the GLG2 mRNA. As shown in Fig. 3a (lanes 1 and 3) , a single 3.8 kb EcoRI genomic fragment hybridized with both probes. Further digestion of the fragment with BamH1 generated two fragments of 2.9 and 0.9 kb. The smaller fragment hybridized only with the GLG1 probe (lane 2), whereas the larger fragment hybridized only with the GLG2 probe (lane 4). These data strongly suggest that GLG1 and GLG2 are products of a single gene. Nucleotide sequencing of the cDNA clones revealed consensus sequences for 5′ and 3′ splice sites immediately proximal to the translational stop codon for GLG1 and upstream of the codon for the initial amino acid of the unique extension of GLG2 (Fig. 3b) . The guanidine nucleotide at the third position of the last codon of GLG1, encoding arginine, is included in the potential 5′ splice donor site, and the 3′ splice acceptor site contains the guanine nucleotide and the codons for the GLG2-specific amino acid sequence. Therefore, if the splicing site is silent, a transcript containing 'intronic' nucleotides between the splicing sites would be generated (Fig. 3c) to form the GLG1 3′-UTR. Since there is a stop codon immediately after the 5′ splice donor site, the GLG1 polypeptide with 1177 amino acid residues would be produced. If the splice site is active, the GLG1 stop codon and the intron are removed; the spliced transcript would therefore contain the downstream sequences encoding the additional 24-amino-acid sequence and GLG2 3′-UTR.
Human monocytes express transcripts for both GLG1 and GLG2
To characterize the expression of the two variant transcripts, we performed RT-PCR on human monocyte poly (A) + RNA with the isoform-specific probes used in the analysis of GLG genomic structure. As shown in Fig. 4a , PCR products with the predicted size for both GLG1 and GLG2 were generated from monocyte mRNA. The nucleotide sequences for the PCR products were confirmed (data not shown). These data indicate that monocytes contain both transcripts and therefore that the cells are capable of generating both isoforms of GLG.
Cell-type specificity of alternative splicing for GLG1 and GLG2 We also investigated the relative amounts of transcript for GLG1 and GLG2 in several cancer cell lines. Northern blot analysis using a probe specific to GLG2 revealed three transcripts: 10 kb, 5 kb and 3.8 kb (Fig. 4b, right panel) . By contrast, only the 10 kb and 5 kb transcripts hybridized with Journal of Cell Science 118 (8) Fig. 3 . Transcripts for the GLG isoform are products of a single gene. (a) A 10 kb cloned genomic DNA fragment was digested either with EcoRI (E) or EcoRI plus BamHI (E/B), and analyzed with GLG isoform-specific probes. Those primers were amplified from the cDNA sequence for GLG1 and GLG2 using either primers 5 and 6 (for GLG1) or primers 3 and 4 (for GLG2), as shown in Fig. 1 . DNA molecular weight markers for 4, 3, 2 and 1 kb were also shown. (b) Nucleotide sequences of 5′ and 3′ alternative splicing sites for GLG2 in the GLG genomic clones. The consensus sequences for spicing are indicated by asterisks. The translation stop codon for GLG1 is underlined. (c) A model for the production of GLG1 and GLG2 by alternative splicing. Isoform-specific probes were represented by lines on the 3′-UTR of GLG1 and 24 amino acids and its 3′-UTR of GLG2 transcripts. the GLG1-specific probe. These data suggest the 3.8 kb transcript is the spliced variant encoding GLG2. The 10 kb species may be premature RNA. A probe derived from the 5′ end of the cDNA also hybridized with all three transcripts (data not shown), suggesting that both transcripts have an identical 5′ end. These data suggest that the amount of GLG1 and GLG2 mRNA might be regulated by the splicing activity on the 3′ end of the transcript, such that the greater the activity, the greater the relative amount of GLG2. In HL60 leukemia, G361 melanoma and HeLa cell lines, the amounts of GLG1 and GLG2 transcript were approximately equal. In Molt 4 leukemia, K562 leukemia, SW480 colorectal carcinoma and A549 lung adenocarcinoma cell lines, there was significantly more GLG1. The significance of these differences remains to be determined.
Species specificity of the splicing activity is shown in Fig.  4c . Total RNA from murine RAW monocyte cells, African Green monkey kidney epithelial cells (COS-2) and human melanoma BOWES cells were analyzed with a probe from the 5′ region of the cDNA that would hybridize to both GLG1 and GLG2 mRNA. Although cell lines from monkey and human showed three populations of mRNA at molecular weights of 10 kb, 5 kb and 3.8 kb (Fig. 4c, lane 1 and 2) , the murine cells showed only a single transcript of about 9.5 kb (lane 3 and 4 for RAW cells, lane 6 for SP2/0 myeloma). Similar results were seen in northern analysis using total RNA from various murine tissues as well as from the CHO cell lines (lane 5). These data suggest that production of GLG2 may be species specific.
Discussion
This study demonstrates that the human GLG gene transcript exists as two isoforms, GLG1 and GLG2, resulting from alternative splicing of a single RNA. The two proteins encoded by these transcripts differ only in their C-terminal cytoplasmic domains, GLG2 having 24 additional amino acids extending from the highly conserved 13-amino-acid cytoplasmic domain of GLG1. Splicing activity varied among different tissues and cell lines such that some cells showed different ratios of GLG1 and GLG2 transcripts, but in no case was only one transcript expressed. Splicing was also species specific; we saw no evidence for the spliced transcript in rodent cells.
We hypothesized that the two cytoplasmic domains of GLG might target protein expression to different subcellular compartments and could serve different functions. Several unrelated functions have been assigned to GLG gene products that require different subcellular locations; for example, cell adhesion/E-selectin ligand function requires expression on the cell surface, whereas MG-160 is an integral membrane protein of the medial cisternae of the Golgi complex. Short sequences in the cytoplasmic tail of proteins, such as proteases of the trans-Golgi network (TGN), have been shown to be crucial for TGN localization. But the mechanism by which GLG1 is retained in the medial cisternae has not been elucidated. Gonatas et al. have shown that transfection of the full-length GLG1 cDNA into CHO cells resulted in expression confined to the Golgi medial citernae with no cell-surface expression (Gonatas et al., 1998) . They also showed that deletion of 1-9 residues of the 13-amino-acid, mostly basic, C-terminal domain, or substitution of the terminal basic amino acid arginine with alanine led to a small amount of surface RT-PCR analysis identifies transcripts for both GLG1 and GLG2 in human peripheral blood monocytes. Total RNA from human monocytes was reverse transcribed with primer 2 (for GLG1) or primer 3 (for GLG2). Reverse transcription reaction mixture (1:100) was used for the amplification of isoform-specific sequences from transmembrane domain to the 3′-UTR sequence of transcripts of GLG1 and GLG2 (b) Cellular specificity of splicing activity for the production of GLG2 transcript. Poly (A) + RNAs from various tumor lines (1, melanoma G361; 2, lung carcinoma A549; 3, colorectal adenocarcinoma SW480; 4, Burkitt's lymphoma Raji; 5, lymphoblastic leukemia MOLT-4; 6, chronic myelogenous leukemia K-562; 7, HeLa cell S3; 8, promyelocytic leukemia HL-60) were analyzed with GLG isoform-specific probes as described in the Materials and Methods. RNA molecular markers for 9.49, 7.46 and 4.40 kb were also shown. expression, generally less than 10% of the total protein. On the basis of these studies, they hypothesized that the C-terminal domain, specifically the arginine at position 1171, was involved in retention to the Golgi medial cisternae. They also suggested that intracellular cleavage of the C-terminal domain of GLG1/MG-160 is a mechanism for directing expression of GLG1 to the cell surface. A protease capable of this was not identified, nor was it determined whether the amount of cellsurface GLG1/ESL-1 on neutrophils could be accounted for by this mechanism.
All available antibodies to GLG react with either the lumenal/extracellular domain or the 13-amino-acid C-terminal domain and thus cannot distinguish GLG1 and GLG2. Because we were unable to generate an antibody with specificity for the hydrophobic 24-amino-acid C-terminus unique to GLG2, we utilized recombinant hybrids consisting of the GLG transmembrane and C-terminal domains fused to the extracellular domains of the CD8 protein to study the intracellular localization of the two GLG isoforms. This strategy has been used successfully by others to study localization of other proteins, including the trans-Golgi protein TGN38 (Bos et al., 1993) . Surprisingly, the chimeric molecule behaved very differently from that reported by Gonatas et al. for the intact GLG1/MG-160 (Gonatas et al., 1998) . We found that the GLG1/CD8 hybrid was expressed on the cell surface of human 293 epithelial cells, with no overlapping staining with the Golgi marker protein giantin. This strongly suggests that the 13-amino-acid GLG1 cytoplasmic domain alone is not sufficient to direct expression of a peptide to the Golgi. This result is consistent with the mutagenesis studies reported by Gonatas et al. that showed that deletion of 1-9 amino acids from the C-terminus was associated with a small amount of surface expression (Gonatas et al., 1998) . However, the predominant expression site in all cases was the Golgi structure, even in the case of deletion of nearly the entire domain, suggesting that the C-terminal domain may not, in fact, be necessary for Golgi retention. It is possible that interaction of the luminal domain of GLG1 with other integral Golgi proteins or secretary proteins could be required for Golgi retention. This is supported by the observations that GLG1 can bind proteins with rather broad specificity (e.g. FGF, E-selectin and latent TGF-β complex). It also raises the possibility that GLG1 could lose the ability to be retained in the Golgi by modifying its ligand-binding capacity. Since GLG1 function as an E-selectin ligand requires specific fucosylation (Steegmaier et al., 1995) , it is possible that regulated fucosylation of the lumenal domain of GLG1 could lead to loss of affinity for a crucial Golgi lumenal protein along with gain of affinity for E-selectin. Supporting this hypothesis is the recent detection of a novel CFR-1 antigenic variant expressed on the surface of several cancer cells (Hensel et al., 2001) . The monoclonal antibody used to detect the variant was an IgM reactive with a unique, but undefined, carbohydrate epitope. Interestingly, mRNA for GLG was found in normal and malignant tissues, but antibody surface staining was only seen on the malignant cells, suggesting that the specific glycosylation variant is only on the cell surface. It is also possible that regulated expression of specific GLG1-binding partners could account for differential cell-surface expression. Proteolytic modification of the C-terminal domain could modulate the affinity of GLG1 for binding partners, resulting in some 'leakage' of the protein to the cell surface.
The role of the longer GLG2 C-terminal domain in targeting intracellular expression was also studied with a CD8/GLG2 chimeric protein. The expression pattern of the chimera was very different from that of CD8/GLG1. It showed a punctate intracellular perinuclear staining pattern that overlapped significantly with the staining of the Golgi marker. The perinuclear pattern was disrupted by brefeldin A treatment, suggesting that the subcellular organelle is the Golgi structure. The GLG2 C-terminal domain contains a YKGL sequence shown in the endopeptidase furin to be necessary for steadystate internalization and to participate with additional downstream acidic amino acid clusters in targeting the recycled endopeptidase to the Golgi (Voorhees et al., 1995) . Although lack of staining of the plasma membrane with GLG2 strongly suggests that movement of the endosome-like molecules is towards the Golgi, it remains to be determined whether a similar mechanism for recycling of GLG2 holds.
In summary, splicing of the GLG message produces a longer cytoplasmic domain (GLG2) that alone may be sufficient to direct expression to the Golgi. The unspliced GLG transcript produces a shorter cytoplasmic domain (GLG1) that by itself may not be sufficient for Golgi retention. GLG1, however, may be predominantly retained in the Golgi, as shown by Gonatas et al. (Gonatas et al., 1998) , by as-yet-undefined mechanisms that could relate to proteolysis, fucosylation or ligand binding. Available data do not readily explain the mechanisms for surface expression of ESL-1 (Steegmaier et al., 1997) , but it is interesting that the immuno-electron microscopy studies that most clearly showed surface localization of ESL-1 in neutrophil membrane microvilli were performed with murine cells, a species for which we found no evidence of GLG splicing. We speculate that expression of the unspliced GLG1 product coupled to specific cellular regulation of proteolysis, fucosylation or intra-Golgi ligand binding would generate surface expression. Thus, regulation of GLG mRNA splicing by cells might play a role in determining the amount of surface expression.
